Abstract. Due to comprehensive research on floor heating in Japan and abroad over the last twenty years it is possible today to predict these combinations of comfortable conditions. The specific aim of this investigation is to obtain experimental data upon which the comfortable range of the floor surface temperature could be based, thereby providing a practical and more satisfactory design guide. Accordingly, literatures on floor heating are collected and investigated with the purpose of revealing what the comfort range of floor surface temperature ought to be. Authors tried to obtain a comfortable and permissible floor surface temperature and then reconfirm the maximum comfortable range so that they can propose a reasonable comfortable floor surface temperature and make it fit for practical and extensive use. After synthesizing all the comfortable and permissible values reported in many other papers, this paper finally advances a suggestion on the optimal and permissible floor surface temperatures. Results concerning this subject are as follows. The lowest floor surface temperature would be limited to 25°C, and the highest value to be 31°C. The most optimal temperature for floor surface may as well be within 26~30°C, and it is 21~23°C for the air temperature so that more than 80% subjects can be expected to be comfortable within this recommended temperature interval.
Introduction
The purpose of this paper is to propose a comfort range and to establish a design guide for the floor surface temperature under floor heating condition. Floor heating is by no means an ideal heating technique that is convinced in many reports. By warming the structure instead of the air so that the surface temperatures can be expected to be heating because of the radiant effect of floor heating, it produces conditions more closely approximating to natural warmth than ordinary heating does. It was popular in Britain during Roman times (Winslom et al., 1949) , and was used before the late war for various kinds of buildings. ASHRAE (1984) System limits the floor surface temperature to a maximum of 29.4°C (85F), which seems to be accepted by Europe and America. On the other hand, in Korea where people are fond of high floor temperature than other races, Sohn (1986) recommends 33.6 to 38.8°C as the comfortable floor surface temperatures. This desirable temperature is pretty higher than that recommended in Europe and America. Reasons for having such disparity are mostly due to the respective climates, the natural features, and the histories among each continent. For example, the Korean usually take their shoes off on returning home and like to sit directly on the floor. But in Europe and America, persons are familiar with sinking themselves into a chair or a sofa while keeping their shoes on. Moreover, the heating system aspects also vary from each other for instance, the Korean hypocaust is used throughout the northeast of China and the Korean Peninsula, but most of the European residences use wall heating together with floor heating to warm the living space well.
Regarding the heating system in Japan, it is found that floor heating has also achieved great popularity owing to the highly-developed technology. Japanese hold a very similar social custom to Chinese and Korean. Especially when the families have a relax time, they usually sit on their heels and chat happily, which is almost the same as the Koreans. Then the problem comes up. People who are under a mistaken impression of floor heating enforcement would be supplyed with erroneous thermal environment. There is also still a possiblity of low temperature burning danger behind the safety problem especially for the aged, the infants and the physically handicapped.
What floor surface temperature most is pleasant for by the Japanese? Related studies in various ways are increasing recently. Some domestic scholars present their reports on floor heating to interpret the comfort floor temperature or to limit the permissible floor temperature. The committee on floor heating amenity (1994) which is set up by the Society of Heating, AirConditioning and Sanitary Engineers of Japan proposes that the maximum comfortable temperature should be 28°C for the floor surface and 21°C for the air.
Unfortunately although there are many research on this subject, thermal comfort limits on floor surface temperature shown by these scholars do not reach a consensus yet, owing to the problems, such as the shortage of experiment data, the difference in experimental conditions. Therefore a general accumulation and reconfirmation on thermal reference data of floor heating is required in order to re-precise the optimal floor surface temperatures, so that a maximum comfortable floor surface temperature for design and utilization would be established. Accordingly, literatures on floor heating are collected to investigate the comfort range of floor surface temperature.
Method
The local research papers (The committee on floor heating amenity, 1994; Bogaki, 1984; 1985; 1991; 1992; 1994; Bogaki and Osawa, 1990; Sunaga et al., 1992; Tan et al., 1990; 1991; 1992; Choi and Horikoshi, 1991; Emura, 1990; Emura et al., 1993; Isoda et al., 1986) concerning floor heating in the domestic literatures are mainly from the Architectural Institute of Japan and the Society of Heating, Air-Conditioning and Sanitary Engineers of Japan. In this paper authors make no reference to conditions abroad at present even though investigations are also conducted.
Investigative items are mainly classified into two parts. One is concerning the building structures, such as the experimental places and conditions, the aspects of the floor heating and the floor surface materials. The other is concerning the experimental subjects, such as numbers, clothing conditions, postures, sex and age. In this paper values of the comfortable and the permissible floor temperatures are studied as well as those investigative items as comfirmed previously.
This paper is mainly concerned with temperature profiles. Alternative information, related humidity and air velocity are also very important factors in thermal environment. In many experients and field measurements on floor heating system, relative humidity mostly ranges from 40% to 60%, and in this range air velocity is not sensitive to the human body. Therefore a few report has no description about such conditions. Figure 1 shows the comfortable combination of floor surface temperature and air temperature. The comfortable floor surface temperature ranges from 20 to 39.5°C (the average value is about 27.8°C) judging from the youth case, and the comfortable air temperature is from 15 to 25.9°C (about 21.2°C). As for the aged, the comfortable ranges of floor surface temperature and air temperature are found ranging from 23.5 to 30°C (about 26.4°C) and from 18 to 23°C (about 19.2°C) respectively. Figure 2 shows the comfortable floor surface temperature along with the number of subjects and times of experiments. It is likely that there is a consistency in comfortable values based on the comfortable lines of subject number and number of experiment time. The comfortable floor surface temperatures mostly range from 26 to 30°C while the frequency of occurence of comfort is 80 per cent, and the maximum frequency appears in 28°C (1450 persons, 16 times) based on the youth graph. Viewing the aged graph, the comfortable range is found similar to that of the youth though the maximum frequency appears at 30°C (31 persons, 3 times). The average comfortable value of the aged (about 27.2°C) is slightly lower than that of the youth (about 28.1°C), and the difference is about 0.9°C. Figure 3 shows the permissible values of the floor surface temperature and the air temperature. Having considered the studies using young subjects, the permissible floor surface temperature is found ranging from 20 to 35°C (about 29.7°C), and the permissible air temperature is from 15 to 30.5°C (about 20.8°C). Temperature from 24 to 30°C (about 27.6°C) and 18 to 20°C (about 18.3°C) are judged to be the permissible ranges for floor surface and air respectively for the aged. Figure 4 gives the distribution of permissible floor surface temperature along with the number of subjects and times of experiment time. Unlike the graph in Fig. 2 which shows a relative consistency, the graph for permissible values tells a certain amount of scatter. The maximum frequency of floor surface temperature on the number of subjects is 34°C (136 persons), and is 30°C (7 times) on the number of experiments. It is also considered that the permissible floor temperature for the youth is around 30°C on account of the average value of permissible floor temperature, which is about 30.6°C. As for the aged, the maximum frequency of floor temperature appears at 30°C both for the number of subjects and the number of experiments, and the average value here is about 27.7°C. Comparing youth to the aged on regarding the permissible floor temperature, it is realized that the average value of the aged (about 27.7°C) is lower than that of the youth (about 30.6°C), and the difference is about 2.9°C.
Results

Comfortable values
Permissible values
Transitions of comfortable and permissible values
Considering Fig. 5 , it seemed that domestic studies on floor heating started about 1970s, and has expanded gradually during 1980s. Research become active since 1990s. Referring to the transitions of the floor surface temperature, it is found that up to 1980s, the comfortable floor surface temperatures range from 20 to 35°C, and the average temperature is about 28°C. Investigating the 1990s' studies, the comfortable temperatures ranging from 23 to 36°C are obtained, and the average temperature is about 28.2°C. Although the average temperature of 1980s is 0.2°C lower than that of 1990s, it is really hard to make a decision regarding comfortable floor surface temperature. Moreover, Fig. 6 states the scatters of the permissible floor surface temperatures. Based on the studies till 1980s, the permissible floor surface temperatures ranging from 26 to 34.5°C are realized and the average temperature is about 29.8°C. During 1990s, it ranges from 29 to 36°C, along with the average value of 30.2°C. It is also difficult to be aware of an increase in the permissible floor surface temperatures because the differences in average values investigated in this paper are really insignificant. 
Conclusion
In this paper past literatures concerning floor heating are collected and investigated in order to propose a comfort range and to establish a design guide for floor surface temperature.
Authors tried to obtain a comfortable and permissible floor surface temperature and then reconfirmed the maximum comfortable range so that they could propose a reasonable comfortable floor surface temperature to make it fit for practical and extensive use.
After synthesizing all the comfortable and permissible values reported in many other papers, this paper finally advances a suggestion on the optimal and the permissible floor surface temperatures. Results are shown in Fig. 7 . The lowest floor surface temperature should be limited to 25°C, and the highest value to be 31°C. The most optimal temperature for floor surface may as well be within 26~30°C, and 21~23°C for the air temperature since more than 80% subjects can be expected to be comfortable within this recommended temperature interval. 
